or by carotid section. The spleen was removed, diced, and incubated for 1 hour at 37°C. in TACPI. In certain experiments TACPIo0 po, cent plus rabbit serum,t0 pot ee,t was used and in a few experiments medium 19980 po, oont plus rabbit serum40 p~, oe~t was used. During this incubation period the medium contained BGG as the test antigen or casein as the control antigen in varying amounts, as specified hereafter. Following incubation the tissues were washed 5 times in 10 ml. of cold Hanks' solution without bicarbonate and collected by centrifugation at 700 ~.P.M. for 5 minutes at 5°C. Adequate washing is a critical requirement. Then tissues were planted on tantalum gauze in the medium used for incubation but without antigen. This tissue maintenance method was introduced by Trowell (10) and modified by us (1) . The wet weight of tissue in each cup was about 125 rag. All of the early experiments were carried out using duplicate sets of tissue. Most of the dose-response studies were also set up in duplicate. In other experiments duplicates were set up if sufficient tissue was available.
After varying intervals at 37°C. the tissues were removed from the gauze and homogenized with TenBroeck glass tissue grinders in 9 volumes of cold saline. These extracts were clarified be centrifugation at 3000 to 5000 R.r.m for 30 minutes at 1 to 5°C. The supernatant fluids then were titrated for antibody; these are designated "extracts." The fluids under the tantalum gauze were harvested and titrated for antibody; these are designated "fluids." If the fluids are turbid, they should be centrifuged before titration to decrease non-specific agglutination.
Antibody was estimated by the sensitive Boyden hemagglutination technique (11) as modified by McKenna (12) , except for those experiments presented in Table X in which the standard Boyden procedure was employed. Briefly, the Boyden technique consists of treatment of sheep red cells with tannic acid which enables the cells to adsorb proteins. Cells so treated will sediment to the bottom of a tube, forming a button. When specific antibody is present, sedimentation is altered and an agglutination pattern is observed. This pattern is somewhat similar to that seen when normal chicken red cells are exposed to influenza virus. The McKenna modification involves treatment of the cells with formaldehyde prior to treatment with tannic acid. This stabilizes the cells so that they can be frozen and greatly decreases the work involved in titrations. The details of this method are as follows:--A 50 per cent saline suspension of washed sheep red blood cells was treated with an equal volume of a 37 per cent formaldehyde solution containing 0.9 per cent NaCI for 2 to 3 days at 4°C. Since formaldehyde causes clumping of the cells, it was usually necessary to disperse these clumps by homogenization in a Waring blendor for 1 hour at 2-5°C. After centrifuging, only the heavy cell layer was saved. No attempt was made to save the lighter material which separates to the surface as a pellet. The formaldehyde was removed by 7 to 8 washings in S to 6 volumes of saline over a 10 day period, followed by treatment of a 23 per cent cell suspension with S per cent NaHSO3 at 4°C. overnight. The formaldehyde-bisulfite complex was then removed by dialysis against running tap water for 24 hours. Eegriwe's chromotropic acid test for formaldehyde (13) was used to detect residual formaldehyde. Unless all formaldehyde is removed, spontaneous agglutination occurs. A S0 per cent suspension of the formalinized cells in saline was stable at 4°C. for at least 5 months. The sensitization of the ceils to the protein antigens after formalinization was essentiaily the same as the Boyden technique (11) . However, when several liters of ceils were prepared at one time, the times of treatment with tannic acid and antigens were extended to 30 minutes and 1 hour respectively. The sensitization was carried out as follows. One volume of a 2.5 per cent suspension of formalinized ceils was incubated at 37°C. for 30 minutes with 1 volume of a 1:20,000 dilution of tannic acid in 0.9 per cent NaC1. The ceils were washed once with 0.15 ~s phosphate buffered saline at pH 7.3, centrifuged at 1500 R.P.M. for S minutes and resuspended to volume in saline. One volume of these cells was incubated at room temperature for 1 hour in 4 volumes of phosphate buffered saline, pit 6.4, containing 0.5 mg./ml, of BGG for each ml. of cells to be sensitized. The cells were washed once with 1.0 per cent normal rabbit serum in 0.9 per cent saline, centrifuged at 1500 R.P.M. for 10 minutes and reconstituted to a 2.5 per cent suspension in 1.0 per cent normal rabbit serum in 0.9 per cent saline. These sensitized cells then were frozen at -70°C. and stored at --40°C. All cells, unless otherwise noted, were coated with BGG.
If titrations could not be carried out immediately after harvesting, the extracts and fluids were shell-frozen in a dry ice-alcohol bath and stored at -42°C. until titrated. Erratic results were obtained if these precautions were not taken. Doubling dilutions of 0.5 ml. of the fluid or extract to be assayed were made in I per cent normal rabbit serum in saline. This diluent is subsequently referred to as NRS. 0.15 ml. of BGG-coated cells (about 6 X 10 x° cells) were added and the Kahn tubes shaken. After standing 2 hours at room temperature, the racks were left for 15 to 18 hours at I°C. and the patterns read. Hemagglutination titers (HA) represent the reciprocals of the highest dilutions producing definite agglutination. A hyperimmune anti-BGG serum (1) was used as a cell control. With aging, the titer of this antiserum had fallen from an original value of 52,000 to an average of 13,000. Occasional tests gave 6500 or 26,000.
Hemaggintination inhibition tests were carried out by dissolving 0.025 mg./ml, of BGG or casein in NRS and using these as diluents. In experiments involving 40 per cent serum 0.1 mg./ml, of protein was used. The test fluid was left 1 hour at 37°C. in the diluent before the addition of coated cells. When HA inhibition results are given, the control samples were run simultaneously and also incubated for 1 hour before the addition of cells. Those tests reported in Table II were carried out by a slightly different inhibition method (4).
Statistical Analyses.--All titration values were reduced to logarithms to the base 2 and titers <2 were considered to be zero. Student's "t" test then was applied. When the term "significant difference" is used, it denotes a P value of <0.01.
RESULTS

Early Experiments.-
In this series of experiments, one-half of the diced spleen was incubated in TACPI contalning 0.5 mg./ml, of BGG; the other half was incubated in TACPI containing 0.5 mg./ml. of casein. Since casein is not readily soluble, it was suspended the preceding day and went into solution overnight at 4°C. This was not necessary if the Difco purified casein was used. Casein was used as a control since it was felt that another protein antigen in similar concentration was required. Of the readily available antigenic proteins, casein showed the least serological crossing in our system, even less than recrystallized chicken ovalbumin. In Table I are shown the individual and geometric mean titers (GMT) for the 10 rabbits over the 3 day period studied.
The fluid and extract values after incubation with casein were in the nonspecific range found when no antigen was added (I). In contrast, when BGG was present during the 1 hour incubation period, HA's averaged 8-fold higher in the fluids and 4-fold higher in the extracts. There was progressive fall in the fluid fiters over the 3 days although the differences were not significant.
Materials from the first experiment were discarded but the remaining fluids and extracts were frozen as pools from all 3 days. When the series was completed, all samples were retitrated in 1 per cent normal rabbit serum in saline (NRS), NRS containing BGG and NRS containing casein. The results appear in Table II. While casein caused a reduction in the mean titer, this reduction was not significant and was slight compared with the effect of the specific antigen, BGG.
The extracts titrated in BGG showed a fall in titer to within non-specific values. Tests of significance are included.
Modified Steiner and Anker Procedure.--At this time a paper appeared by Steiner and Anker (14) in which they reported the formation of very large quantities of antibody (over 1 mg. N) in vitro using spleens from hyperimmune rabbits. Addition of antigen to normal spleen in vitro produced no antibody in their hands. Their basic reaction vessel was rather elaborate so we used simpler equipment for preliminary studies. A 250 ml. bleeding bottle was cut through 2 inches from its base. A piece of dialyzer tubing, cut to size, was stretched tautly over the bottom of a 300 ml. micro-bell jar and secured. Both sections were autoclaved and the bottom of the bleeding bottle filled to the brim with TACPI. Then the bell jar was placed over the bottom section so that the fluid was in contact with the dialyzer membrane. Diced spleen from rabbits prepared with endotoxin and incubated with 0.5 mg./ml, of BGG in vitro was placed on the upper surface of the membrane in 3 ml. of fluid composed of TACPIs0 per cent and fresh normal rabbit serums0 per cent. The entire assembly was suspended 10 cm. above a magnetic stirrer and incubated at 37°C. for 2 days. After several failures which were due to overheating or loss of fluid, two successful experiments were carried out.
Fluid and extract titers ran between 128 and 256. Since the mass of spleen involved was considerably greater than that used in our previous system, this method did not appear to produce a greater amount of antibody per unit mass of spleen. Hence this more cumbersome method was not studied further. Table III , indicate that about 0.01 tzg./ml, of antigen inhibited the antibody. In our experience, the combining ratio of BGG with anti-BGG for precipitating antibody is in the range of 1:7. If one assumes that this hemagglutinating antibody has the same combining ratio, then an HA of 32 would represent about 0.07 #g. of antibody per 0.5 ml. The fluid volume of our system was about 3.5 ml. and the Table IV show a several fold increase in the titers of the two fluids which originally contained demonstrable antibody. In contrast, the two fluids which contained no antibody have only low, non-specific titers after concentration. These results indicate that the material causing agglutination of BGG-coated red cells is a large molecule.
Approximation of the Amount of Antibody
Stability studies of antibody in fluids and extracts were carried out at 56, 20, 1, --20, and --42°C. Both completely in vitro material and low titered material from spleens exposed to antigen in vivo were used. Although the antibody was stable at 56°C. for 30 minutes, most activity was lost overnight at 20°C. The overnight stability at I°C. varied from no loss to considerable loss of activity. The only satisfactory storage was at --42°C. when antibody has been stored up to 2 months with an activity loss of about 50 per cent However, these fluids then cannot be refrozen. The addition of 10 per cent normal rabbit serum to the antibody did not alter the stability at any of the temperatures studied. The Effect of Antigen Concentration.-
In this series, the spleen was divided into several portions and each portion h~cubated in a different concentration of BGG. Secondary rabbits 1 had received 40 rag. of alum-precipitated BGG (1) 6 weeks earlier. The results are shown in Table V .
At a concentration of 0.005 mg./ml. (not shown in table), both fluids and extracts were negative. When 0.05 mg./ml, was used, the results were still negative. When the concentration of BGG was increased to 0.5 mg./ml., fluid x Secondary rabbits refer to rabbits that previously have been exposed to the specific antigen in ~vo; primary rabbits refer to those rabbits having had no prior experience with the specific antigen. Secondary and primary spleens refer to spleens secured from such rabbits. 8 (4) 12 (8) 8 (2) (4) (8) 8 (8) 8 (8) 
~JMT.
. (2) 16 (2) 16 (<2) 16 (<2) 32 (4) 18 (1.6) 16 (<2) 32 (<2) 32 (<2) 32 (<2) 32 (<2) 64 (4) 32 (1.6)
(<2)
32 (2) 16 (1) 32 (4) 32 (4) 64 (4) 128 (8) 32 (4) 64 (4)
. (4) 52 (4.6) 50.0
(4)
16 (4) (2)
3MT. (4) 12 (4) Values are HA titers at 2 days. Those in parentheses represent titers found after inhibition with BGG. titers averaged 34 in spleens from primary rabbits and somewhat less in spleens from secondary rabbits. Extract values were similar in both groups. In a total of 19 primary experiments carried out with 0.5 mg./ml., fluids averaged 34 and extracts 26, exactly the same means that were obtained in the smaller group. In contrast to our earlier report (4), 2 5 mg./ml, did not appreciably increase the primary response although the secondary values were somewhat higher. In a total of 18 primary experiments carried out with 5 mg./ml., fluids averaged 34 and extracts 37. When a concentration of 50 mg./ml, was reached (this is not completely soluble), a decrease was observed, at least in the 
Effect of Homologous and Autologous Sera.--Preliminary experiments in
which the TACPI was supplemented with normal rabbit serum showed no increase in antibody synthesis over that obtained with TACPI alone. It was felt that the serum from rabbits receiving endotoxin might enhance the response so the following series of experiments were carried out.
Two rabbits were given endotoxin and the following day were bled out and the spleens removed. The spleens were placed at I°C. and the blood placed at 37°C. for 1 hour to clot.
The group reported inadvertently contained two spleens which had been incubated with 10 mg./ml. These gave higher values and increased the mean.
Then the serum was removed at 5°C. Incubation and planting were carried out using the homologous and autologous serum with each of the two spleens. The rather unexpected results, found with 5 pairs of rabbits, are shown in the upper portion of Table VI. The homologous sera from rabbits given endotoxin were no better than TACPI alone (Table V) . In sharp contrast, the autologous sera from rabbits given endotoxin enhanced antibody formation about 9-fold. The geometric mean titer for 17 experiments using 40 per cent autologous serum was 325.
This enhancing factor in autologous serum was stable overnight at I°C. but labile to 56°C. for 30 minutes. It was non-dialyzable but did not sediment when subjected to 105,000 g for 2 hours. Values are 24 hour HA titers. * Rabbit received 10 ~g. endotoxin 24 hours before sacrifice.
Rabbit received 10/~g. endotoxin 24 hours before sacrifice, but no BGG.
In view of these results, it was felt that autologous serum alone, without prior endotoxin treatment of the rabbit, might enable the spleen to produce antibody in vitro. The lower part of Table VI demonstrates that endotoxin was required for antibody formation even in the presence of autologous serum.
One experiment was carried out in which endotoxin was given and 24 hours later both spleen and mesenteric lymph node were set up in 40 per cent autologous serum. The 24 hour fluid values were 256 for spleen; <2 for lymph node.
Antibody Production by Secondary Spleens without Endotoxin.--In the section
on dose-response, it was shown that spleens from secondary rabbits treated with endotoxin produced no more antibody than did spleens from primary rabbits. Experiment 1 in Table VII shows that autologous serum from a secondary rabbit given endotoxin augmented antibody formation to the same degree as was found with primary rabbits. The column labelled 40 per cent serum refers to the HA titer of the medium used. Since these rabbits had been injected previously with BGG, their sera contained a small amount of antibody at this time. Experiments 2 through 6 show that secondary spleens, unexposed to endotoxin, produced antibody in vitro and that autologous serum increased the response. These results contrasted sharply with the results secured in primary rabbits (bottom of Table VI) in which no antibody was formed without endotoxin. This ability to form antibody without endotoxin decreased with time after primary injection. Mter 4 months antibody was detectable only in the extracts of those spleens incubated with autologous sera.
Effect of Ertdoloxin in Vitro.-
In this series, normal rabbit spleens were removed, diced, and incubated 5 hours at 37°C. with 1/~g./ml. of endotoxin. The tissues then were washed twice and divided into two parts. One was reincubated in medium containing 5 mg./ml, of BGG; the other in medium without Spleen incubated 5 hours with 1 ~g./ml. of endotoxin (ET), washed twice with Hanks's solution, and reincubated 1 hour in medium containing no antigen or 5 mg./ml, of BGG. Values in parentheses represent HA after inhibition with BGG.
antigen. Then the tissues were washed 5 times and planted as usual. The results are shown in Table VIII .
It is clear that endotoxin was effective in dtro but autologous serum (without previous exposure to endotoxin) had no enhancing effect. In contrast with these results, when the endotoxin was added simultaneously with the antigen and incubated 5 hours with spleen prior to washing, no antibody was formed.
Since the previous attempt to produce antibody by mesenteric lymph node had failed, it was felt that the contact of the node with endotoxin might have been inadequate. Hence an experiment was carried out in which both spleen and mesenteric node were incubated 5 hours with endotoxin in TACPI, then exposed to 1 mg./ml, of BGG, washed, and planted in TACPI. The 24 hour fluid values were 32 for spleen; <2 for lymph node.
Antibody Production within 1 Hour.--Previous experiments had suggested that antibody was present in the extracts immediately after incubation for 1 hour with antigen and subsequent washing. To evaluate this more thoroughly, the following experiments were performed.
A spleen was removed from an eudotoxin-treated rabbit, diced, and divided among 6 vaccine bottles; 3 containing 0.5 mg./ml, of BGG in cold TACPI and 3 containing 0.5 mg./ml. of casein in cold TACPI. The tissues from one bottle in each group were removed immediately and washed at 5°C. for the 0 time value. One bottle in each series was incubated at 4°C. and one bottle in each series was incubated at 37°C. for 1 hour. After washing 5 times at 4°C., extracts were prepared as usual. In addition to the usual titrations with BGG coated cells, 4 extracts also were titrated with casein-coated cells. The results appear in Table IX .
It is apparent that when BGG was added, antibody appeared only when incubation was carried out at 37°C. This difference was significant (P < 0.001) and the antibody was specifically inhibited with BGG. Likewise when casein was added, antibody to casein appeared only when incubation was carried out at 37°C. The amount of antibody formed was similar to the amount formed after 24 hours. Nineteen 1 hour extracts using TACPI and 0.5 mg./ml, of BGG of casein averged 23 and 4 respectively. Seven 1 hour extracts using 40 per cent autologous serum and 5 reg./m1, of BGG averaged 60.
In one experiment, the entire spleen from an endotoxin-treated rabbit was diced and incubated with 0.5 mg./ml, of BGG for 1 hour at 37°C. Mter washing, the tissue was extracted in only 2 volumes of saline instead of the usual 9 volumes. This was clarified by centrifugation at 12,000 ~.r.M. for 30 minutes at l°C.
The HA titer of this extract was 128; after inhibition with BGG the titer dropped to 4.
In another experiment using 40 per cent autologous serum, 750 rag. of spleen from an endotoxin-treated rabbit was cut into slices and incubated for 1 hour with 0.5 mg./ml, of BGG or casein. Mter washing, the tissues were homogenized in 5 ml. of medium and clarified at 40,000 ~.P.M. for 45 minutes at I°C.
The titers were 512 in the tissue exposed to BGG, < 2 in the tissue exposed to casein.
Specificity of the Antibody Produced in 40 Per Cent Autologous Serum.--Two
experiments were carried out as follows.
Rabbit 3-41 (R3-41) was given endotoxin and the diced spleen incubated 1 hour at 37°C. in TACPI60 per cent, autologous serum40 per cent containing (a) BGG 1 mg./ml., (b) casein 1 mg./ml., (c) no antigen. Mter washing, the tissues were planted in the same medium without antigen. Fluids were harvested 24 hours later but were not centrifuged although some showed turbidity. The fluids were titrated against freshly tanned cells (Boyden technique, unmodified) which were coated with BGG, casein, or were uncoated. We do not believe that uncoated cells are a suitable control since the purpose of the tannic acid treatment is to render the ceils highly reactive to almost any protein.
In theory, such cells should agglutinate in any medium containing proteins bivalent in respect to adsorptive sites of the cells. These cells are certainly more non-specifically reactive than either untanned cells or tanned cells coated with a particular protein. However, we used them in these experiments since they have been advocated as a control (15) . In the second experiment, rabbit 3-28 (R3-28) was given endotoxin and 350 mg. of diced spleen incubated in each medium as indicated for R3-41. After washing, the tissues were homogenized in 5 ml. of cold saline and clarified at 40,000 R.P.~¢. (105,000 g) for 45 minutes at 1°C. The results of these two experiments, along with serum controls, appear in Table X. It is clear that the material agglutinating the cells was specifically produced in response to BGG. The lower values for the extract controls than for the fluid controls reflect the absence of serum and the better removal of non-specific factors by high speed centrifugation. As noted earlier, these fluids were not centrifuged.
Attempts to Produce Antibody in an ttomogenate.--If an homogenate were
prepared and BGG then added, there would be no way to remove the BGG after incubation; hence a complete homogenate could not be studied. However, it was found that if diced spleen was left in BGG for 4 hours at 4°C., no antibody was present after washing but appeared following a 1 hour incubation period at 37°C.
Therefore two experiments were carried out as follows. The spleen was removed from an endotoxin-treated rabbit, diced, and incubated at 4°C. for 4 hours in medium 199~ pc, ,e,t, autologous serum40 pe~ ~t containing 500 #g./ml. of BGG. After washing the tissues 5 times at 5°C., they were placed in 5 volumes of medium 1996o pe, ~e~t, autologous serum40 p,, ,or (the ghtathione, ascorbic acid, cysteine, vitamin A, and adenosinetriphosphate were added just before use). Homogenization was carried out in a "VirTis 23" at full speed for 3 minutes at 1°C. The remaining cells were removed by centrifugation for 3 minutes at 700 R.P.M. at 5°C. Homogenates also were made by the addition of 5 volumes of distilled water to minced tissue. Isotonicity was restored with 10-fold concentrated medium 199, and autologous serum was added to a final concentration of 27 per cent. This method left fewer cells than were found after mechanical disruption.
After incubation for 1 hour at 37°C., the homogenates were centrifuged at 105,000 g for 45 minutes at 1°C. and titrated for antibody. None was detectable.
Two experiments were also carried out in which the rabbits were given 40 rag. of alumprecipitated BGG i.v. After 2 hours the spleens were removed, homogenized, and incubated 1 and 4 hours respectively at 37°C. Controls were kept at 4°C. After clarification at 105,000 g, the supernatant fluids were titrated. All rabbits were bled for serum 20 hours before sacrifice and then given 40 rag. of alumprecipitated BGG intravenously.
* Pooled frozen normal rabbit serum.
found that an HA titer of 6400 was required for a positive response. Since none of the culture fluids had a titer of this magnitude, this method did not appear sensitive enough to detect antibody produced in vitro. However, 2 rabbits and 2 guinea pigs were injected with fluids titering 128 and 512 by HA. All sites were negative through 48 hours.
Effect of Corticosteroids,--Since it is well known that rabbits treated with cortisone produce little antibody in vivo following primary injection of an antigen 4, the effect of such steroids was studied.
None of the studies involving corticosteroids have utilized the Boyden technique so a preliminary experiment was carried out in which the antigen was given in vivo. Rabbits 1-78 and 1-79 were given 10 rag. of cortisone acetate intramuscularly (i.m.) daily for 10 days. On the 9th day, rabbits 1-77 (normal), 1-78, and 1-79 were bled and the serum separated and stored at 1°C. After bleeding, R1-77 and R1-78 received 10 #g. of endotoxin i.v. All three rabbits were given 40 nag. of alum-precipitated BGG i.v. Twenty-four hours later the spleens were removed and set up in various media; the titration results appear in Table XII . The titer of 512 obtained with normal spleen 1-77 in autologous serum or normal rabbit serum was in the same range as that obtained when neither endotoxin nor serum were used (1). Spleen 1-78, treated with both cortisone and endotoxin, produced very little antibody irrespective of the medium. Spleen 1-79, treated with cortisone alone, produced slightly more antibody than spleen 1-78. Since the lowest values were found with spleen 1-78 or with serum Both rabbits received 10/~g. of endotoxin intravenously 24 hrs. before sacrifice. The incubation medium contained 5 mg./ml, of BOG.
from R1-78, it appears that under these conditions endotoxin depressed rather than enhanced antibody formation.
This experiment had demonstrated that cortisone would inhibit the formation of hemagglutinating antibody so the following in dtro experiments were carried out.
R2-07 received 10 rag. of cortisone daily for 10 days. On the 9th day R2-07 and R2-19 (normal) received 10 #g. of endotoxin. Twenty-four hours later the spleens were removed, incubated in BGG, and set up in the various media shown in Table XIII .
Again the cortisone-treated spleen produced very little antibody, especially in the presence of autologous serum which presumably contained cortisone in some form.
On account of its insolubility, cortisone is not very satisfactory for direct use in dtro. However, a soluble corticosteroid, sodium prednisolone phosphate, has recently become available. In Table XIV are shown the effects of various doses of prednisolone added in vitro to TACPI. Inhibition was apparent at 10
TABLE XIV
Effect of Prednisolone Phosphate in Vitro on the Antibody Response Initiated in Vitro
Incubated in TACPI + P.P.,* 100 #g./ml. " Jr BGG
"
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Jr P.P., 10 ~g./ml.
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Rabbit 1-33 given 10 ~g. of endotoxin 24 hours before sacrifice. BGG, 5 mg./ml, for 1 hour at 37°C. * P.P., sodium prednisolone phosphate. #g./ml. (2 X 10 -~ M) and complete at 100 #g./ml. Removal of prednisolone after the 1 hour incubation period did not reverse the inhibition. Table XV demonstrates this inhibitory effect in the presence of autologous serum. In another experiment it was found that the addition of prednisolone following the 1 hour incubation with BGG was only slightly less inhibitory than when prednisolone was added with BGG.
Effect of Nitrogen Mu3tard.--
A rabbit was given 40 rag. of alum-precipitated BGG i.v. and 3 days later the spleen was removed, diced, incubated 1 hour at 37°C. in nitrogen mustard, washed, and planted in TACPI. Titrations after 24 hours showed that 1 X 10 -8 M nitrogen mustard had no effect on antibody formation while 1 × 10 -6 • had no effect. Another rabbit was given endotoxin as usual, the spleen removed the next day and incubated with BGG plus nitrogen mustard or BGG followed by nitrogen mustard.
The depression found in this completely in vitro system was essentially the same as observed above but with somewhat less depression occurring when the nitrogen mustard was added after antigen.
Miscellaneous Experiments.--An experiment was carried out to determine the effect of the gas phase upon antibody formation. The results, shown in While penicillin and streptomycin in concentrations up to 100 u./ml, and 100/zg./ml. respectively did not affect antibody formation, a 10-fold increase in these antibiotics abolished antibody synthesis as did 1000 u./ml, of penicillin alone.
To determine whether a whole organism containing endotoxin could replace the purified endotoxin, a rabbit was injected i.v. with 5 ml. of a 6 hour formalinized broth culture of KlebsieUa pneumoniae, Type A. Twenty-four hours later the rabbit was sacrificed and the spleen incubated with 5 mg./ml, of BGG. The 24 hour fluid titer was 32 in TACPI and 128 in 40 per cent autologous serulTl.
DISCUSSION
We believe that the material produced by splenic tissue which causes agglutination of BGC~coated red cells is antibody for the following reasons:
1. It is produced in response to BGG but not in its absence nor in the presence of another protein.
2. It can be completely or almost completely inhibited with BGG. Casein produced much less inhibition.
3. It is not dialyzable nor is it sedimented at 105,000 g for 2 hours. 4. It is produced at 37°C. but not at 4°C. Kimura (19) incubated Escherichm coli with rabbit spleen and demonstrated agglutinin titers of 1:40. While Kimura discusses other positive studies from his laboratory on this subject, this is the only system for which any data were presented and the original articles, in Japanese journals, are not available. Of these 3 reports, the paper by Schilf is the only one containing sufficient detail for critical appraisal.
We may now consider the negative reports. Those which employed embryonic tissues can be discarded (20, 21) as can those using the insensitive precipitin test for assay (14, 20) . In 1912 Carrel and Ingebrigtsen (22) reported hemolysin formation to sheep red blood cells using guinea pig bone marrow. No titers were reported and only 4 experiments were positive out of 17 attempts. Their results could not be confirmed by Sato (23) . Parker (24) was unable to demonstrate hemagglutinins to sheep erythrocytes in rabbit spleen cultures. Hwon (25) could not detect antibody to diphtheria toxoid in rabbit spleen cultures. Fastier (26) added macerated rat spleen to a suspension of Salmonella paratyphi B in 17 per cent homologous serum and found no agglutinins after 8 days at 37°C. Also he obtained negative results using mixtures of cell types from various donors.
In retrospect, it appears that those workers who used rabbit spleen, a sensitive assay method, and as antigen a bacterium containing endotoxin obtained positive results. When these criteria were not fulfilled, no antibody formation was demonstrated.
The rapid rate of antibody formation may be emphasized by the following calculations. If a titer of 32 represents about 0.5 /~g. of antibody, and this antibody has a molecular weight of 160,000, then 2 X l0 TM molecules would be formed during the 1st hour after the introduction of antigen. This includes the time required for setting up the specific synthetic system which presumably is absent prior to the introduction of antigen. Our finding of antibody formation within 1 hour confirms our conclusion drawn in a previous paper (1) that "antibody synthesis seemed to occur intraceUularly with little or no induction phase..." This work lends support to Miles's speculation (27) that some form of antibody response might occur within 1 hour.
The results shown in Table V indicate that a critical dose of antigen was required for detectable antibody formation irrespective of whether the spleen was from a primary or secondary rabbit and, at all dosage levels, secondary spleens gave no better responses than primary spleens. While this was unexpected, a recent report by Sterzl (28) supports this finding. He incubated splenic cells from adult rabbits with S. paratyphi B and injected these cells into 5 day old rabbits incapable of forming antibody. Circulating agglutinins were formed but the titers were no higher when the splenic cells were obtained from previously immunized rabbits. These results would suggest that the magnitude of the response may be limited by the environment in ~itro or in the neonatal recipient (29) .
The stimulatory effect of autologous serum has been observed in other systems.
In 1934 Carrel (30) observed that monocytes showed morphological differences when grown in autologons and homologous sera and Parker (31) has discussed this. At the chemical level, Stevens (32) reported that guinea pig liver slices in an homologous mixture incorporated less S36-1-methionine into protein than did slices in an autologous mixture. These findings serve to reinforce the "self" concept recently restated and extended by Burnet (33) .
The data on corticosteroid activity extend those of Mountain (34) who observed in vitro depression of antibody formation with 10 --~ M cortisone. We obtained comparable depression with 2 X 10 -5 ~ prednisolone, which is more the order of activity one would expect to find with a hormone. Our results indicate that this is a very rapid and irreversible reaction even when the steroid was added after introduction of antigen.
The complete inhibition of antibody formation by nitrogen mustard at 10-* is probably due to interference with respiration. However, the depression produced at 10 -* ~ may be more specific since this concentration causes very little inhibition of the respiration of the chorioallantoic membrane (35) or of bone marrow (36) .
As to the role which endotoxin plays in this system, we have very few clues. Since it is active in vitro, the components required must reside in the spleen. For the systems which we have studied, the tissues required contact with endotoxin prior to contact with antigen; simultaneous contact either in vivo (1) or in vitro did not produce enhancement. The only specific point of departure which we have is that secondary spleens (Table VII) give the same responses with or without endotoxin which primary spleens give with endotoxin. One has the impression that in some non-specific way endotoxin confers on the animal the ability to give a secondary type response to a primary stimulation. Even if this is so, it tells us nothing of the mode of action.
SUMMARY
Ten #g. of the lipopolysaccharide endotoxin of Salmonella typhosa was given to rabbits intravenously to enhance the subsequent antibody response to an unrelated substance. The spleens were removed 24 hours later, diced, and incubated 1 hour with the antigen, bovine-T-globulin (BGG), in a protein-free medium. After washing, the tissues either were extracted at once or planted and the fluids and tissues harvested 1 to 3 days later. Antibody was determined by a modification of the Boyden hemagglutination technique.
Small amounts of antibody were synthesized as early as 1 hour after the addition of antigen. The antibody formed could be specifically inhibited with BGG, was not dialyzable, and did not sediment at 105,000 g for 2 hours.
Dose-response studies revealed no antibody formation when the BGG concentration was 0.005 or 0.05 mg./ml. The best responses were obtained at concentrations of 0.5 to 5.0 mg./ml. These results were found irrespective of whether the animal had previously received BGG in vivo.
Forty per cent autologous serum increased antibody formation about 9-fold over that secured with protein-free medium or with 40 per cent homologous serum. Antibody formed with this system could be detected by 50 per cent complement fixation test, although at much lower titer than found by hemagglutination.
While spleens from rabbits previously given BGG did not produce more antibody than spleens from normal rabbits, they differed in that they produced antibody without the involvement of endotoxin.
Under appropriate circumstances, endotoxin was effective in dtro in enabling spleen fragments to produce antibody to BGG.
Cortisone acetate administered to rabbits prior to the removal of the spleen severely inhibited antibody production in vitro. Sodium prednisolone phosphate added in vitro showed a similar irreversible effect at concentrations as low as 2 × 10 -5 ~. Nitrogen mustard inhibited antibody formation at concentrations as low as 10 -4 ~.
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